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$%675$&7�
7R� LPSURYH� HQHUJ\� HIILFLHQF\� LQ� EXLOGLQJV��
DLUWLJKWQHVV� DQG� LQVXODWLRQ� OHYHO� KDYH� EHHQ� ZLGHO\�
LPSURYHG�LQ�RUGHU�WR�ORZHU�KHDWLQJ�GHPDQG�LQ�ZLQWHU�
EXW�FDQ�OHDG�LQ�PDQ\�FDVHV�WR�RYHUKHDWLQJ�LQ�VXPPHU��
7R� DYRLG� WKLV� VXPPHU� DQG� PLG�VHDVRQ� GLVFRPIRUW��
WKHUPDO�PDVV�SOD\V�DQ�LPSRUWDQW�UROH���
7KH� REMHFWLYH� RI� WKLV� ZRUN� LV� WR� GHYHORS� D� WRRO�
DOORZLQJ� DUFKLWHFWV� DQG� EXLOGLQJ� HQJLQHHUV� WR� EHWWHU�
XQGHUVWDQG�DQG�KLJKOLJKW�WKH�LPSDFW�RI�WKHUPDO�PDVV�
LQ� VXPPHU� FRPIRUW� DQG� RI� VRPH� LPSRUWDQW�
SDUDPHWHUV� UHJXODWLRQ� LQ� KHDY\� EXLOGLQJV� WKHUPDO�
EHKDYLRXU���
$� QXPHULFDO� DSSURDFK� KDV� EHHQ� FRQGXFWHG� ZLWK� WKH�
(QHUJ\3OXV� VRIWZDUH� RQ� VRPH� VLPSOH� ZHOO� GHILQHG�
WHVW�FDVHV��6SHFLILF�FOLPDWH�FRQGLWLRQV�KDYH�EHHQ�EXLOW�
WR�KLJKOLJKW�WKH�WKHUPDO�PDVV�LPSDFW��
,Q�WKLV�SDSHU��WKH�HIIHFWV�RI�QLJKW�YHQWLODWLRQ���VKXWWHUV�
UHJXODWLRQ�DQG�WKHUPDO�PDVV�TXDQWLWLHV�DUH�SUHVHQWHG�
RQ�WKRVH�VROLFLWDWLRQV��

,1752'8&7,21�
'XH� WR� QHZ� H[SHFWDWLRQV� RQ� EXLOGLQJ� HQHUJ\�
HIILFLHQF\�� SHRSOH� DUH� DZDUH� RI� SDUDPHWHUV� OLNH�
LQVXODWLRQ� OHYHO�DQG�DLUWLJKWQHVV�EXW� QRW� UHDOO\�DERXW�
WKH� VXPPHU� GLVFRPIRUW� DOVR� FUHDWHG� E\� WKHVH�
SDUDPHWHUV�� 7R� DYRLG� VXPPHU� DQG� PLG�VHDVRQ�
GLVFRPIRUW��WKHUPDO�PDVV�SOD\V�DQ�LPSRUWDQW�UROH�LI�LW�
LV�ZHOO� FRQVLGHUHG� IURP� WKH� EHJLQQLQJ�RI� WKH�GHVLJQ�
SKDVH���
7KH� REMHFWLYHV� RI� WKLV� ZRUN� LV� WR� GHYHORS� D� WRRO�
DOORZLQJ� DUFKLWHFWV� DQG� EXLOGLQJ� HQJLQHHUV� WR� EHWWHU�
XQGHUVWDQG�DQG�KLJKOLJKW�WKH�LPSDFW�RI�WKHUPDO�PDVV�
LQ� VXPPHU� FRPIRUW�� DQG� RI� VRPH� LPSRUWDQW�
SDUDPHWHUV�LQ�WKH�KHDY\�EXLOGLQJV�WKHUPDO�EHKDYLRXU����
7KLV� VWXG\� IRFXVHV� RQ� VXPPHU� WKHUPDO� FRPIRUW� IRU�
LQGLYLGXDO�UHVLGHQWLDO�EXLOGLQJV�XQGHU�VSHFLILF�FOLPDWH�
FRQGLWLRQV��7KDQNV� WR� WKH�VWDWH�RI� WKH�DUW� IRFXVHG�RQ�
WKH�UROH�RI�LQHUWLD�LQ�VXPPHU�FRPIRUW��DQG�GHWDLOHG�LQ�
WKH�ILUVW�SDUDJUDSK�RI�WKLV�DUWLFOH���WKH�PRVW�LPSRUWDQW�
SDUDPHWHUV�ZKLFK�LPSDFW�WKH�KHDY\�EXLOGLQJV�WKHUPDO�
EHKDYLRXU�� KDYH� EHHQ� VHOHFWHG�� 7KH� VHFRQG� SDUW�
IRFXVHG�RQ�WKH�PRGHO�GHVFULSWLRQ�ZLWK��

� WKH�GHILQLWLRQ�RI�WKH�UHIHUHQFH�FDVH���
o *HRPHWU\�
o 1XPHULFDO�0HWKRG��

o 6FKHGXOHV�
� WKH�ZHDWKHU�VROLFLWDWLRQV�GHILQLWLRQ�
� WKH�YDOXHV�RI�WKH�VHOHFWHG�SDUDPHWHUV��

7KH� WKLUG� SDUW� LV� GHGLFDWHG� WR� WKH� SRVWSURFHVVLQJ�
GHILQLWLRQ� ZKLFK� KHOSV� WR� KLJKOLJKW� WKH� LPSDFW� RI�
WKHUPDO� PDVV� RQ� VXPPHU� FRPIRUW� DQG� FRPSDUH�
GLIIHUHQW�FDVHV��7KLV� LPSOLHV� WR�GHWHUPLQH�VRPH�GDWD�
SRVWSURFHVVLQJV� DQG� FKDUDFWHULVWLF� YDULDEOHV�
�SHUFHQWDJH�RI�GLVFRPIRUWDEOH�LQGRRU�FOLPDWH�WLPH�IRU�
H[DPSOH�� WKDW� HQDEOH� WR� FRPSDUH� GLIIHUHQW� EXLOGLQJ�
FRQFHSWLRQV� XQGHU� VSHFLILF� FOLPDWH� VROLFLWDWLRQV� �LQ�
WHUPV� RI� DYHUDJH� YDOXH�� SHULRG� DQG� DPSOLWXGH��� 7KH�
GHFLVLRQ�VXSSRUW�WRRO�FUHDWHG�WKDQNV�WR�WKLV�ZRUN�ZLOO�
EH�LQWURGXFHG�LQ�WKLV�SDUW��
7KHQ�� VRPH� UHVXOWV� DUH� SUHVHQWHG� WR� TXDQWLI\� WKH�
LQIOXHQFH� RI� WKH� VHOHFWHG� SDUDPHWHUV�� 7KHUPDO� PDVV�
TXDQWLW\� LV� ILUVW� VWXGLHG�� IROORZLQJ� E\� QLJKW�
YHQWLODWLRQ�DQG� VKXWWHUV� UHJXODWLRQ��)LQDOO\��FRXSOLQJ�
LQ�WKH�SDUDPHWHUV�YDULDWLRQV�LV�VKRZQ��7KH�ODVW�SDUW�LV�
GHGLFDWHG�WR�FRQFOXVLRQ�DQG�SHUVSHFWLYHV��

67$7(�2)�7+(�$57�
7KHUPDO� PDVV� LV� ZLGHO\� UHIHUHQFHG� LQ� VFLHQWLILF�
SXEOLFDWLRQV�RQ�EXLOGLQJ�SK\VLFV�GXH�WR�LWV�LPSRUWDQW�
DQG�FRPSOH[�UROH� LQ� WKH�EXLOGLQJ� WKHUPDO�EHKDYLRXU��
,W� LV� PDLQO\� XVH� DV� D� VWXG\� SDUDPHWHU�� EXW� D� ODUJH�
QXPEHU�RI�SXEOLFDWLRQV�VSHFLILFDOO\�IRFXV�RQ�WKHUPDO�
LQHUWLD�� ,Q� WKLV� VHFWLRQ�� ZH� IRFXV� RQ� SDSHUV� GHDOLQJ�
ZLWK� WKH� UROH� RI� WKHUPDO� PDVV� RQ� VXPPHU� WKHUPDO�
FRPIRUW��
2Q� WKDW� VSHFLILF� WRSLF�� UHVHDUFK� KDV� EHHQ� GRQH� WR�
TXDQWLI\� WKH� LPSDFW� RI� WKHUPDO� PDVV� RQ� WKHUPDO�
FRPIRUW� WKDQNV� WR� ERWK� QXPHULFDO� DQG� H[SHULPHQWDO�
VWXG\� >%URZQ������@� VKRZHG�� WKDQNV� WR� D� QXPHULFDO�
DQG� WKHRULWLFDO� VWXG\�� WKDW� LQFUHDVLQJ� IURP���� WR�����
NJ�Pð�WKHUPDO�PDVV�RI�WHUWLDU\�EXLOGLQJ�FRXOG�OHDG�WR�
WKH� GHFUHDVH� RI� WKH� LQWHULRU� WHPSHUDWXUH� IURP� �� RU�
��&��>%DODUDV������@�FRQFOXGHV�WKDW�WKHUPDO�LQHUWLD�LV�
RQH�RI� WKH�PRVW� LPSRUWDQW�SDUDPHWHUV� IRU� LPSURYLQJ�
WKHUPDO� FRPIRUW� FRQGLWLRQV� DV� ZHOO� DV� IRU� UHGXFLQJ�
KHDWLQJ�DQG�FRROLQJ�HQHUJ\�GHPDQGV�RI�EXLOGLQJV��+H�
DOVR�XQGHUOLQHV� WKH� LPSDFW�RI� WKH�PDWHULDO�SURSHUWLHV�
DQG� HVSHFLDOO\� WKH� WKHUPDO� HIIXVLYLW\� RQ� WKH� WKHUPDO�
PDVV�HIILFLHQF\��
>7VLOLQJLULGLV� DQG� DO��� ����@� VKRZHG� H[SHULPHQWDO�
GDWD� �LQVLGH� DQG� DPELHQW� DLU� WHPSHUDWXUH�� PDGH� RQ�
KRXVLQJV� LQ�$WKHQV��*UHFH��GXULQJ����PRQWKV� LQ� WKH�
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ILHOG�RI�WKH�YLOODJH���SURMHFW��+RXVLQJV�DUH�RSHQHG�RQ�
VRXWK� IDFDGHV� DQG�ZHOO� LQVXODWHG�� ,Q� WKLV� VWXG\� FDVH��
WKH� HYROXWLRQ� RI� WKH� DPELHQW� DQG� LQVLGH� DLU�
WHPSHUDWXUH� VKRZHG� WKDW� ZHOO� LQVXODWHG� EXLOGLQJV�
ZLWK� D� KLJK� WKHUPDO� FDSDFLW\� GR� QRW� QHHG� FRROLQJ�
V\VWHPV��
>=KRX�DQG�DO�������@�FRQFOXGHV�WKDW�QLJKW�YHQWLODWLRQ�
KDV�WKUHH�PDLQ�REMHFWLYHV��LPSURYH�LQVLGH�DLU�TXDOLW\��
UHIUHVK�RFFXSDQWV�DQG�EXLOGLQJ�WKHUPDO�PDVV��2WKHUV�
UHVHDUFKHV� GRQH� LQ� (XURSH� SUHVHQW� WKH� LQWHUHVW� RI�
FRXSOLQJ� WKHUPDO� PDVV� DQG� QLJKW� YHQWLODWLRQ�� DV� DQ�
HIILFLHQW� WHFKQLTXH� WR� LPSURYH� LQVLGH� WKHUPDO�
FRQGLWLRQV�DQG�UHGXFH�FRROLQJ�ORDGV�LQ�KRW��FROG�DQG�
WHPSHUDWH�FOLPDWH�>6DQWDPRXULV�DQG�DO��������D�	�E@�
>*HURV� DQG� DO��� ����@� >)ORXUHQW]RX� DQG� DO��� ����@�
>%ORQGHDX� DQG� DO��� ����@� >*LYRQL�� ����@� >=KRX� DQG�
DO��� ����@�� 6RPH� DXWKRUV� >/HIHEYUH�� ����@� >1HLUDF��
����@� >'HSHFNHU�� ����@� >'RX]DQH�� ����@� >6LFDUW��
����@� XQGHUOLQH� WKDW� WKH� SRWHQWLDO� JDLQ� GXH� WR� QLJKW�
YHQWLODWLRQ� LV� FORVHO\� OLQNHG� WR� WKH� EXLOGLQJ� WKHUPDO�
LQHUWLD��7KH\�DOVR�UHPLQG�WKDW�YHQWLODWLRQ�UDWH�PRGLI\�
WKH�EXLOGLQJ�WKHUPDO�FRQVWDQW���
>3IDIIHURWW� DQG� DO��� ����@� VKRZHG� E\� QXPHULFDO� DQG�
H[SHULPHQWDO�VWXG\�WKH�LPSDFW�RI�WKH�FOLPDWH�DQG�WKH�
WKHUPDO� LQHUWLD� RQ� WKH� LQVLGH� DLU� WHPSHUDWXUH� RI� D�
EXLOGLQJ�FRROHG�E\�QLJKW�YHQWLODWLRQ���
7KH� UHYLHZ� RI� WKH� VWDWH� RI� WKH� DUW� FRQILUPV� WKH�
LPSRUWDQFH� RI� WKHUPDO� PDVV� RQ� VXPPHU� WKHUPDO�
FRPIRUW��,W�JXLGHV�WKH�VHOHFWLRQ�RI�D� IHZ�SDUDPHWHUV��
1LJKW� YHQWLODWLRQ� UDWH�� WKHUPDO� PDVV� TXDQWLW\��
EXLOGLQJ� UHJXODWLRQ� DQG� ZHDWKHU� FRQGLWLRQV� DUH� WKH�
SDUDPHWHUV�ZH�ZLOO�IRFXV�RQ�LQ�D�ILUVW�VWHS��
7KH� ZRUN� SUHVHQWHG� KHUH� DOORZV� WR� FKDUDFWHUL]H�
EXLOGLQJV�RQ�VSHFLILF�ZHDWKHU� ILOHV��$�UHIHUHQFH�FDVH�
KDV� EHHQ� FKRVHQ� WR� KLJKOLJKW� WKH� LQIOXHQFH� RI� WKH�
VHOHFWHG�SDUDPHWHUV��

02'(/�'(6&5,37,21�
Reference model 
7KH�JHRPHWU\�WHVW�FDVH�XVHG�LQ�WKLV�SDSHU�LV�EDVHG�RQ�
DQ� H[SHULPHQWDO� ORZ�HQHUJ\� KRXVH� RI� WKH� ,1&$6�
SODWIRUP�DV�GHVFULEHG�LQ�>6SLW]�DQG�DO�������@��ZKLFK�
LV� D� IXOO�VFDOH� WHVW� IDFLOLW\�GHYHORSHG� LQ������E\� WKH�
)UHQFK�1DWLRQDO�6RODU�(QHUJ\�,QVWLWXWH�LQFOXGLQJ�IRXU�
H[SHULPHQWDO� KRXVHV� ORFDWHG� LQ� &KDPEHU\� �)UDQFH���
,Q� WKLV� VHFWLRQ�� WKH� UHIHUHQFH� PRGHO� ZLOO� EH� ILUVW�
GHVFULEHG�� JHRPHWU\�� QXPHULFDO� PRGHO� DQG� VFHQDULL�
FKRVHQ�� $� IRFXV� ZLOO� WKHQ� EH� GRQH� RQ� WKH� ZHDWKHU�
VROLFLWDWLRQV��DQG�ILQDOO\�7DEOH���ZLOO� VXPPDUL]H� WKH�
SDUDPHWHUV�WKDW�KDYH�EHHQ�VHOHFWHG�IRU�WKH�VWXG\�DQG�
WKHLU�GLIIHUHQW�YDOXHV���
*HRPHWU\�
7KH�KRXVH� DUHD� LV� D� ����P�î� ����P� IORRU�ZLWK����P�
FHLOLQJ� KHLJKW� RYHU� WZR� VWRULHV� �WRWDO� RI� DURXQG� ����
VTXDUH� PHWHUV�� ZLWK� ZHOO� H[SRVHG� ZLQGRZV� WR� WKH�
VRXWK������JOD]HG��DQG�LV�LOOXVWUDWHG�RQ�)LJXUH�����

�
)LJXUH����7HVW�FDVH�JHRPHWU\��PRGHO��

 
1XPHULFDO�PRGHO�
7KH� KRXVH� LV� VLPXODWHG� WKDQNV� WR� WKH� (QHUJ\3OXV�
VRIWZDUH�ZLWK� IRXU� WKHUPDO� ]RQHV�� WZR� KHDWHG� ]RQHV�
�WRWDO� RI� DURXQG����� FXELF�PHWHUV��� JURXQG�DQG� ILUVW�
IORRU�� WZR�XQKHDWHG�]RQHV��EDVHPHQW�DQG�URRI�VSDFH��
7KH�RXWVLGH�LQVXODWLRQ�FRQVLGHUHG�LV���FP�JODVV�ZRRO�
�$YHUDJH� 8�YDOXH� RI� ZDOOV�IORRU�FHLOLQJ� �� ������
:/�P��.���� $LUIORZV� EHWZHHQ� ]RQHV� DUH� QRW� WDNHQ�
LQWR�DFFRXQW���
6RODU� VKDGLQJV� DUH� FRQVLGHUHG� IRU� WKH� VRXWK� IDFDGH�
�URRI�HDYHV�DQG�EDOFRQ\��DQG�ZLQGRZV�RYHUKDQJV�IRU�
HYHU\� IDFDGHV�� 6KXWWHUV� DUH� FRQVLGHUHG�� WKH� VKXWWHUV�
RQ� WKH� HDVW� DQG�ZHVW� IDFDGHV� DUH� FORVHG� DQ\� WLPH� LQ�
RUGHU�WR�OLPLW�WKH�RYHUKHDWLQJ�RI�WKH�KRXVH�DQG�REWDLQ�
ZRUNDEOH�UHVXOWV��
7KHUPDO� EULGJHV� WUHDWHG� ZLWK� D� SDUWLFXODU� DWWHQWLRQ�
GXULQJ�WKH�FRQFHSWLRQ�DQG�FRQVWUXFWLRQ�SKDVHV�RI�WKH�
H[SHULPHQWDO� H[LVWLQJ� KRXVHV�� DUH� QRW� WDNHQ� LQWR�
DFFRXQW�LQ�WKH�QXPHULFDO�PRGHO�EHFDXVH�RI�WKHLU�YHU\�
OLPLWHG�LPSDFW���
7KH� +9$&� PRGHO� FRQVLVWV� LQ� DQ� ���� HIILFLHQF\�
UHFRYHU\� V\VWHP� �DQ� HOHFWULFDO� UHVLVWDQFH� DQG� WZR�
IDQV��RQH�IRU�VXSSO\�DQG�RQH�IRU�UHWXUQ���DQG�KDV�EHHQ�
VLPSOLILHG�DV�D�QHZ�DLU�IORZ�UDWH�WDNLQJ�LQWR�DFFRXQW�
WKH�KHDW�H[FKDQJHU�HIILFLHQF\���
+HDW�FRQYHFWLRQ�WUDQVIHU�FRHIILFLHQWV�ZHUH�FDOFXODWHG�
ZLWK� WKH�7$53� DOJRULWKP� �QDWXUDO� FRQYHFWLRQ� EDVHG�
RQ� WHPSHUDWXUH� GLIIHUHQFH��� &RQGXFWLRQ� WKURXJK�
ZDOOV�LV�EDVHG�RQ�WKH�WUDQVIHU�IXQFWLRQ�PHWKRG��

6FKHGXOHV�
,QVLGH� WKH� KRXVH�� LQWHUQDO� ORDGV� DQG� RFFXSDQWV� ZHUH�
PRGHOHG� WKDQNV� WR� SUHGHILQHG� VFKHGXOHV� ZKLFK� DUH�
VXPPDUL]HG� RQ� )LJXUH� ��� )RXU� SHRSOH� KDYH� EHHQ�
FRQVLGHUHG�DV�OLYLQJ�LQ�WKH�KRXVH��WKH\�DUH�DZD\�IURP�
KRPH�GXULQJ�WKH�GD\�H[FHSW�DW�OXQFK�WLPH�ZKHUH�WZR�
RI� WKHP�FRPH�EDFN�� ,QWHUQDO� ORDGV�GXH� WR�HTXLSPHQW�
ZHUH� GHILQHG� WKDQNV� WR� )UHQFK� UHJXODWLRQ� DQG�
QDWLRQDO�VXUYH\V���

�
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�
)LJXUH����,QWHUQDO�ORDGV�VFHQDULR�

 
7DEOH����6HOHFWHG�SDUDPHWHUV 

Parameters Values 
:DOOV�WKHUPDO�PDVV�TXDQWLW\�� &RQFUHWH��������������������FP��

FLQGHUEORFN���FP�
6ODEV�WKHUPDO�PDVV�TXDQWLW\� &RQFUHWH����������������FP�
9HQWLODWLRQ�UDWH� :LWKRXW��������������YRO�K�
6KXWWHUV� 2SHQ���������������FORVHG�
�
Weather conditions 
7KLV�VWXG\�IRFXVHV�RQ�VXPPHU�WKHUPDO�FRPIRUW��7KH�
ZHDWKHU� ILOH� KDV� D� NH\� UROH� � LQ� KLJKOLJKWLQJ� WKH�
WKHUPDO� LQHUWLD� EHQHILWV�� &ODVVLFDO� ZHDWKHU� ILOHV� DUH�
RIWHQ� DYHUDJHV� RI� ��� �RU� PRUH�� \HDUV� DQG� WKHUHIRUH�
VPRRWK� WKH� LPSDFW� RI� WKHUPDO� PDVV� RQ� EXLOGLQJ�
EHKDYLRXU�� )XUWKHUPRUH�� ZKHQ� XVLQJ� UHDO� ZHDWKHU�
ILOHV�� WKH� HYHU\GD\� YDULDWLRQV� RI� WKH� ZHDWKHU�
FRPSOLFDWH� WKH� UHVXOWV� DQDO\VLV� GXH� WR� WKH� G\QDPLF�
LQWULQVLF�TXDOLW\�RI� WKH�EXLOGLQJ� LQHUWLD� �VXFK�DV� WLPH�
UHVSRQVH��GHFUHPHQW�IDFWRU��SKDVH�FKDQJH���)RU�WKHVH�
UHDVRQV��WZR�GLIIHUHQW�ZHDWKHU�VROLFLWDWLRQV�KDYH�EHHQ�
EXLOW�� RQH� EDVHG� RQ� D� VHPL�FRQWLQHQWDO� VXPPHU� GD\�
DQG�RQH�RQ�D�KHDW�ZDYH�SHULRG��
�
:HDWKHU�6ROLFLWDWLRQ����6HPL�FRQWLQHQWDO�GD\�
7KH� ILUVW� ZHDWKHU� ILOH� FKRVHQ� LV� EDVHG� RQ�
PHDVXUHPHQWV� GRQH� LQ� ������ ����� DQG� ����� GXULQJ�
VXPPHU� LQ� WKH�DUHD�RI�&DGDUDFKH�FLW\� LQ�6RXWK�(DVW�
RI�)UDQFH�� ,WV�FKDUDFWHULVWLFV� DUH�VRPH�UHJXODU�VXQQ\�
GD\V� ZLWK� ODUJH� GD\�QLJKW� DPSOLWXGH� ����&���
UHODWLYHO\�KRW�DQG�GU\�GD\�WLPH�����&��DQG�TXLWH�IUHVK�
QLJKW� ����&��� ,Q� WKH�ZHDWKHU� ILOH�XVHG�� WKH�VDPH�GD\�
LV�UHSHDWHG����WLPHV��GXULQJ�-XO\�DQG�$XJXVW����
)LJXUH� �� VKRZV� WKH� WHPSHUDWXUHV� IRU� WKLV� ZHDWKHU�
VFHQDULR���

�
)LJXUH����6HPL�FRQWLQHQWDO�VROLFLWDWLRQ�

%HFDXVH�RI�LWV�LPSRUWDQW�GD\�QLJKW�DPSOLWXGH�����&���
WKLV�ZHDWKHU�VROLFLWDWLRQ�ZLOO�HPSKDVL]H�WKH�FRXSOLQJ�
RI� QLJKW� YHQWLODWLRQ� ZLWK� WKHUPDO� PDVV� RQ� EXLOGLQJ�
WKHUPDO�EHKDYLRXU��
�
&UDVK�7HVW�:HDWKHU�VROLFLWDWLRQ����+HDW�ZDYH�SHULRG�
7KH�VHFRQG�ZHDWKHU� ILOH� UHSUHVHQWV� VRPHWKLQJ� OLNH�D�
FUDVK�WHVW�ZHDWKHU�ILOH�FRUUHVSRQGLQJ�WR�D�KHDW�ZDYH��
)LJXUH� �� VKRZV� WKH� WHPSHUDWXUH� FKDQJHV� GXULQJ� WKH�
KHDW�ZDYH�ZHDWKHU�ILOH��
7KLV� ZHDWKHU� ILOH� DOORZV� WR� HPSKDVL]H� WKH� WKHUPDO�
EHKDYLRXU� RI� GLIIHUHQW� W\SHV� RI� EXLOGLQJV� GXULQJ� WKH�
WKUHH�GLIIHUHQW�SHULRGV�RI�WKH�KHDW�ZDYH���

� 1RUPDO� EHKDYLRXU� ZLWK� WHPSHUDWXUH�
HYROXWLRQ�YDU\LQJ�DURXQG����&������&��

� ,QFUHDVLQJ�WHPSHUDWXUH�GXULQJ�WKH�KHDW�ZDYH�
ZLWK�KRW�GD\�DQG�QLJKW������&�GXULQJ�WKH�GD\�
DQG����&�DW�QLJKW� �ZKLFK�ZLOO�PLQLPL]H�WKH�
LPSDFW� RI� QLJKW� YHQWLODWLRQ�� LQ� RUGHU� WR� VHH�
GLIIHUHQW�WLPH�UHVSRQVH�RI�EXLOGLQJV��

� 'HFUHDVLQJ� WHPSHUDWXUH� DIWHU� WKH� KHDW�ZDYH�
ZLWK� D� VHFRQG� WLPH� UHVSRQVH� VSHFLILF� WR�
EXLOGLQJ�W\SH���

�
)LJXUH����:HDWKHU�VROLFLWDWLRQ����&UDVK�WHVW�

6,08/$7,21�3267352&(66,1*6�
2QH� NH\� SRLQW� RI� RXU� VWXG\�ZDV� WR� GHWHUPLQH� VRPH�
SRVWSURFHVVLQJV� WKDW� FRXOG� UHSUHVHQW� WKH� G\QDPLF�
UHVSRQVH� RI� WKH� EXLOGLQJ� DQG� DW� WKH� VDPH� WLPH� EH�
XQGHUVWDQGDEOH�E\�QRQ�WKHUPDO�VSHFLDOLVWV��DUFKLWHFWV��
SXUFKDVLQJ�DGYLVRUV���
,Q� RUGHU� WR� DFKLHYH� WKLV� JRDO�� WKH� GHILQHG�
VSHFLILFDWLRQV�DUH��

� &RPSDULQJ� GLIIHUHQW� EXLOGLQJ� FRQFHSWLRQV�
DQG�UHJXODWLRQV���

� 7R� KDYH� GLIIHUHQW� OHYHOV� RI� SRVWSURFHVVLQJV�
UHSUHVHQWLQJ� WKH� VDPH� RXWSXWV� EXW� ZLWK�
GLIIHUHQW�GHJUHHV�RI�FRPSOH[LW\��

2XWSXWV�� VXLWDEOH� ZLWK� WKH� WZR� VSHFLILF� FOLPDWH�
VROLFLWDWLRQV� DSSOLHG� �VHPL�FRQWLQHQWDO� DQG� KHDW�
ZDYH���ZHUH�GHYHORSSHG�LQ�WKDW�ZD\��
Degree hours of discomfort 
7R�KLJKOLJKW�D�EXLOGLQJ�FRPIRUW��WKH�ILUVW�IRFXV�LV�VHW�
RQ� GHJUHH� KRXUV� RI� GLVFRPIRUW�� 7R� FRPSDUH� WKH�
GLIIHUHQW� FDVHV� VHOHFWHG�� WKH� GHJUHH� KRXUV� RI�
GLVFRPIRUW� DUH� VHW� RQ� D� FRORUHG� D[LV� DV� VKRZQ� LQ�
)LJXUH�����
�
𝐷𝑒𝑔𝑟𝑒𝑒. ℎ𝑜𝑢𝑟𝑠 = (𝑇 − 𝑇 )𝑑𝑡�

Daily evolution of  
internal loads 
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�
7KDQNV�WR�)UHQFK�UHJXODWLRQ��WKH�FRPIRUW�WHPSHUDWXUH�
LV�GHILQHG�DW����&��
�

�
)LJXUH����'HJUHH�KRXUV�RI 'LVFRPIRUW�D[LV�

�
7KLV� SRVWSURFHVVLQJ� DOORZV� DQ� HDV\� FRPSDULVRQ�
EHWZHHQ�FDVHV�EXW� LWV� UHVXOWV� UHPDLQ�GHSHQGDQW� IURP�
WKH�FRPIRUW�WHPSHUDWXUH�FKRVHQ��

Percentage of hours of discomfort  
7R�JR� IXUWKHU�DQG�REWDLQ�D�PRUH�FRPSOHWH�RYHUYLHZ�
RI� WKH� EXLOGLQJ� EHKDYLRXU�� FXUYHV� UHSUHVHQWLQJ� WKH�
SHUFHQWDJH� RI� WLPH� XQGHU� RU� DERYH� D� FHUWDLQ�
WHPSHUDWXUH� DUH� SORWWHG�� )LJXUH� �� VKRZV� WKUHH�
FRPSOHWHO\�GLIIHUHQW�WKHUPDO�EHKDYLRXUV�IRU�WKH�WKUHH�
FDVHV�VWXGLHG��2Q�WKLV�H[DPSOH��ZH�FDQ�UHDG�WKDW� WKH�
WHPSHUDWXUH�RI�FDVH���LV�����RI�WKH�WLPH�JUHDWHU�WKDQ�
���&�� IRU�FDVH���� ���DQG� IRU�FDVH���DURXQG������ ,W�
DOVR�DSSHDUV�WKDW�WKH�WHPSHUDWXUH�RI�FDVH���LV�����RI�
WKH�WLPH�JUHDWHU�WKDQ����&��IRU�FDVH�������ZKHQ�FDVH�
�� QHYHU� JRHV� DERYH� ���&�� 7KLV� H[DPSOH� VKRZV� WKH�
LPSRUWDQFH�RI�D�PRUH�GHWDLOHG�SRVWSURFHVVLQJ��:LWK�D�
FRPIRUW� WHPSHUDWXUH� RI� ���&�� FDVH� �� DSSHDUV� WR� EH�
WKH�OHVV�FRPIRUWDEOH�EXLOGLQJ��$FWXDOO\��FDVH���LV�WKH�
OHDVW�FRPIRUWDEOH�RI�WKH�WKUHH�FDVHV�UHSUHVHQWHG�KHUH���

�
)LJXUH����3HUFHQWDJH�RI�KRXUV�RI�GLVFRPIRUW�SORW�

%HFDXVH� RI� WKH� VLPLODULW\� RI� PRGHOV� �JHRPHWU\��
RFFXSDQWV�� HTXLSPHQWV��� EXLOGLQJV� FRPSDUHG� FRXOG�
KDYH� WUHQGV� WHPSHUDWXUH� FXUYHV� YHU\� VLPLODU�
HVSHFLDOO\� IRU� LQHUWLDO� EXLOGLQJV�� :LWK� WKH� VDPH�
WKHUPDO� PDVV� TXDQWLW\�� WKH� SRVLWLRQ� RI� WKH� FXUYH� RQ�
WKH�WHPSHUDWXUH�D[HV�ZLOO�WKHQ�JLYH�LQIRUPDWLRQ�DERXW�
WKH� EHVW� VWUDWHJLHV� �YHQWLODWLRQ� UDWH� DQG� VKXWWHUV� IRU�
H[DPSOH��WR�LQFUHDVH�VXPPHU�FRPIRUW����
Givoni postprocessing 
$QRWKHU�ZD\�WR�FRPSDUH�GLIIHUHQW�FDVHV�LV�WKH�KRXUO\�
WHPSHUDWXUH� RI� HDFK� VWXGLHG� FDVH� VHW� RQ� D� *LYRQL�
GLDJUDP��)LJXUH�7���,W�SORWV�RQH�SRLQW�HYHU\�KRXU�RQ�
WKH� KXPLG� DLU� GLDJUDP� RQ� ZKLFK� *LYRQL� GHILQHG�

FRPIRUWDEOH� ER[HV� GHSHQGLQJ� RQ� DLU� YHORFLW\�� 7KLV�
SRVWSURFHVVLQJ� LV� D� JRRG� LQGLFDWRU� RI� WKH� EXLOGLQJ�
FRPIRUW��

 
)LJXUH����*LYRQL�GLDJUDP�

Time constant response 
6SHFLILF�SRVWSURFHVVLQJV�KDYH�EHHQ�GHYHORSHG�IRU�WKH�
KHDW�ZDYH�FOLPDWH�� LQ�RUGHU� WR�VKRZ�WKH� WHPSHUDWXUH�
ULVH� LQ� WKH� EXLOGLQJ� GXULQJ� WKH� KHDW� ZDYH� DQG� LWV�
GHFUHDVH� DIWHUZDUGV�� )LJXUH� �� VKRZV� WKH� DYHUDJH�
WHPSHUDWXUH� HYROXWLRQV� IRU� WKUHH� FDVHV�� ,W� JLYHV� DQ�
LQGLFDWLRQ��RQ�WKH�WKHUPDO�WLPH�FRQVWDQW�RI�EXLOGLQJV�
DQG� WKH� GLVFRPIRUW� OHYHO� WKDW� FRXOG� H[LVW� ZKHQ� KHDW�
ZDYHV� RFFXUUHG�� FRQVLGHULQJ� WKH� EXLOGLQJ� WKHUPDO�
PDVV��VKXWWHUV�DQG�YHQWLODWLRQ�UHJXODWLRQ���
�

�
)LJXUH����$YHUDJH�WHPSHUDWXUH�HYROXWLRQ�

$OO�WKHVH�SRVWSURFHVVLQJV�KDYH�EHHQ�LQWHJUDWHG�LQ�WKH�
GHFLVLRQ� VXSSRUW� WRRO�� ZKLFK� DOORZV� WKUHH� FDVHV�
FRPSDULVRQ�� 7KH� WRRO� XVHUV� FDQ� YLVXDOL]H� HDVLO\� WKH�
LPSDFW� RI� LQHUWLD� DQG� RI� RWKHUV� SDUDPHWHUV� �OLNH�
YHQWLODWLRQ� UDWH� RU� VKXWWHUV� UHJXODWLRQ�� RQ� WKH� LQHUWLD�
DQG�WKHUHIRUH�RQ�WKH�EXLOGLQJ�WKHUPDO�EHKDYLRXU���

'(&,6,21�6833257�722/�
7KH� GHFLVLRQ� VXSSRUW� WRRO� KDV� EHHQ� GHYHORSHG� WR�
UHDFK� D� QRQ�WKHUPDO� VSHFLDOLVWV� DXGLHQFH� �DUFKLWHFWV��
SXUFKDVLQJ� DGYLVRU��� VR� WKDW� LW� FRXOG� KHOS� WKHP� WR�
XQGHUVWDQG�DQG�TXDQWLI\�WKH�LPSDFW�RI�WKHUPDO�LQHUWLD�
RQ�FRPIRUW�LQ�EXLOGLQJV��7KH�WRRO�KDV�EHHQ�GHYHORSHG�
ZLWK�0DWODE��ZKLFK�DXWRPDWL]HV�ERWK� WKH�SDUDPHWULF�
UXQ� RI� VHYHUDO� FRQILJXUDWLRQV� DQG� WKH� GDWD�
SRVWSURFHVVLQJV��WR�SRLQW�RXW�WKH�UHVXOWV�DQG�FRPSDUH�
GLIIHUHQW� FRQILJXUDWLRQV�� 7KH� XVHU� ZLOO� EH� IUHH� WR�

�����������������������������������������������������������
�� 7KHUPDO� WLPH� FRQVWDQW� RI� EXLOGLQJV� FDQ� EH�
HYDOXDWHG�E\�PDQ\�HTXDWLRQV�PRUH�RU�OHVV�SUHFLVH��
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FKRRVH�RQ�WKH�XVHU�LQWHUIDFH�VKRZHG�LQ�)LJXUH�9��RQH�
WR�WKUHH�FRQILJXUDWLRQV�ZLWK�IUHH�FKRLFHV�IRU�WKH�VODE�
DQG� ZDOO� WKLFNQHVVHV�� WKH� YHQWLODWLRQ� UDWH� DQG� WKH�
VKXWWHUV� UHJXODWLRQ�� 7KH� FOLPDWH� �VHPL�FRQWLQHQWDO�
VXPPHU�RU�KHDW�ZDYH��FDQ�DOVR�EH�FKRVHQ��

�
)LJXUH����'HFLVLRQ�VXSSRUW�WRRO�

�

',6&866,21�$1'�5(68/7�$1$/<6,6�
,Q� WKLV� VHFWLRQ�� VRPH� UHVXOWV� ZLOO� EH� KLJKOLJKWHG�
WKDQNV� WR� WKH�GLIIHUHQW�SRVWSURFHVVLQJV� LQWURGXFHG� LQ�
WKH� SUHYLRXV� SDUW�� 7KH� DQDO\VLV� ZLOO� IRFXV� RQ� WKH�
IROORZLQJ�SDUDPHWHUV����

� WKH�LPSDFW�RI�WKH�WKHUPDO�PDVV�TXDQWLW\��
� WKH�YHQWLODWLRQ�IORZ�UDWH�
� WKH�VKXWWHUV�UHJXODWLRQ�

7R� ILQLVK� WKLV� SDUW�� VRPH� SDUDPHWHU� YDULDWLRQ�
FRXSOLQJV�ZLOO�EH�LQWURGXFHG��
Thermal mass quantity: role of walls and slabs 
7KLV� VWXG\� DW� ILUVW� DLPV� WR� XQGHUVWDQG� KRZ� WKH�
WKHUPDO� PDVV� ZRXOG� EH� HIILFLHQW�� DQG� ZLWK� ZKLFK�
WKLFNQHVV�� WKH� ILUVW� FHQWLPHWHUV� DUH� WKH\� UHDOO\� WKH�
RQO\�HIIHFWLYH�RQHV"�7KLV�VWXG\�KDV�EHHQ�FDUULHG�RXW�
IRU� ERWK� µVHPL�FRQWLQHQWDO¶� DQG� KHDW� ZDYH� ZHDWKHUV�
LQ� RUGHU� WR� YHULI\� WKH� WKHUPDO�PDVV� DFWLRQ� IRU� WKHVH�
ERWK�VROLFLWDWLRQV��

6HPL�FRQWLQHQWDO�ZHDWKHU�VROLFLWDWLRQ�
,Q�RUGHU� WR�XQGHUVWDQG� WKH� LPSRUWDQFH�RI� WKH� LQHUWLDO�
WKLFNQHVV�� ZH� WHVWHG� WKH� UHIHUHQFH� PRGHO� ���FP� RI�
H[WHULRU� LQVXODWLRQ�� �YRO�K� RI� QLJKW� YHQWLODWLRQ�� RSHQ�
VKXWWHUV��ZLWK�WKUHH�FRQILJXUDWLRQV�RI�VODEV�DQG�ZDOOV�
WKLFNQHVVHV��ZLWKRXW�LQHUWLD����DQG���FP�RI�FRQFUHWH���
7KH� WKLFNQHVV� YDULDWLRQ� VKRZV� WKDW� ZLWK� �� FP� RI�
FRQFUHWH�IRU�WKH�ZDOOV�DQG�VODEV��WKH�EXLOGLQJ�WKHUPDO�
EHKDYLRXU� LV� YHU\� VLPLODU� WR� DQ� LQHUWLDO� EXLOGLQJ�
���FP�RI�FRQFUHWH���$V�\RX�FDQ�VHH�� WKH�WHPSHUDWXUH�
LQ� FDVHV� �� FP�DQG���� FP�RI� FRQFUHWH� LV� ����RI� WKH�
WLPH�EHORZ����&��7KH�GLVFRPIRUW�HYHQWXDOO\�FUHDWHG�
E\� WHPSHUDWXUH� EHWZHHQ� ���&� DQG� ���&� FRXOG� EH�
VROYHG� E\� D� GD\WLPH� FHLOLQJ� IDQ� DV� VKRZQ� LQ� WKH�
*LYRQL� GLDJUDP�� :H� FDQ� QRWH� WKDW� RYHUKHDWLQJV�
GXULQJ� D� W\SLFDO� VHPL�FRQWLQHQWDO� VXPPHU� GD\� ZLWK�
ODUJH� WHPSHUDWXUH� DPSOLWXGH� FDQ� EH� DYRLGHG� ZLWK� D�
QLJKW�YHQWLODWLRQ�RI��YRO�K�ZLWK�RQO\���FP�RI�FRQFUHWH�
LQ� WKH� VODEV� DQG� ZDOOV�� ,Q� WKH� QH[W� SDUDJUDSK�� WKH�

EHKDYLRXUV�RI� WKH� VDPH� WKUHH� FDVHV� ���� �� DQG���FP��
XQGHU�KHDW�ZDYH�VROLFLWDWLRQV�DUH�VWXGLHG��
�

�
)LJXUH�����7HPSHUDWXUH�%XLOGLQJ�UHVSRQVH�

�

�
)LJXUH�����7KHUPDO�PDVV�TXDQWLW\�UHVXOWV 

�
+HDW�ZDYH�VROLFLWDWLRQ�
7KH�KHDW�ZDYH�VROLFLWDWLRQ�LV�D�JRRG�ZD\�WR�KLJKOLJKW�
WKH�GLIIHUHQFHV�RI�EXLOGLQJ�EHKDYLRXUV��2Q�)LJXUH�����
WKH� WKUHH� VDPH� FDVHV� DV� LQ� WKH� SUHYLRXV� VHFWLRQ� DUH�
VWXGLHG���ZLWKRXW�LQHUWLD����FP�DQG����FP�RI�FRQFUHWH��
7KH� EXLOGLQJ� ZLWKRXW� LQHUWLD� DOZD\V� UHFRUGV� WKH�
KLJKHVW� WHPSHUDWXUHV�� EHIRUH�� GXULQJ� DQG� DIWHU� KHDW�
ZDYH�� ,QFUHDVH� DQG� GHFUHDVH� RI� WHPSHUDWXUHV� DUH�
VLPXOWDQHRXV� ZLWK� WKH� ZHDWKHU� YDULDWLRQV��:KHQ� DQ�
LQHUWLDO�EXLOGLQJ�LV�VWXGLHG��WKH�LQFUHDVH�DQG�GHFUHDVH�
RI�WKH�RXWVLGH�WHPSHUDWXUHV�KDYH�D�VPDOOHU�LPSDFW�RQ�
WKH� EXLOGLQJ� RSHUDWLYH� WHPSHUDWXUH� DQG� WKH� EXLOGLQJ�
WLPH�UHVSRQVH�LV�ORQJHU��$W�WKH�HQG�RI�WKH�KHDW�ZDYH��
WKH�LQFUHDVHV�LQ�WHPSHUDWXUHV�DUH�GLIIHUHQW�LQ�WKH�WKUHH�
FDVHV��7KH�FDVH�ZLWKRXW�LQHUWLD�LV���&�KLJKHU�WKDQ�WKH�
FDVH�ZLWK���FP�RI�FRQFUHWH��ZKLFK�LV���&�KLJKHU�WKDQ�
WKH�FDVH�ZLWK����FP�RI�FRQFUHWH��7KLV�ODVW�FDVH�GRHV�
QRW�UHDFK�D�VWDWLRQDU\�PRGH�DIWHU����GD\V�RI�WKH�KHDW�
ZDYHV��
7KH� VLPXODWLRQV�RQ� VHYHUDO� WKLFNQHVVHV� VKRZ� WKDW�DV�
ORQJ� DV� WKHUH� LV� LQHUWLD� LQ� WKH� EXLOGLQJ�� VXPPHU�
RYHUKHDWLQJV�DUH�UHGXFHG����
7KH� VWXG\� RI� WKH� WKHUPDO� PDVV� TXDQWLW\� KLJKOLJKWV�
WKDW� XQGHU� WKH� VHPL�FRQWLQHQWDO� ZHDWKHU� VROLFLWDWLRQ�
�ZLWK�ODUJH�WHPSHUDWXUH�DPSOLWXGH�����FP�RI�FRQFUHWH�
FRXSOHG�WR�QLJKW�YHQWLODWLRQ� LV�HQRXJK�WR�DYRLG�PRVW�
RI� WKH�RYHUKHDWLQJ�SHULRG� �OLNH� WKH�FDVH�RI����FP�RI�

25 26 27 28 29 30 31 32 33 34 35
0

10

20

30

40

50

60

70

80

90

100
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(Night Ventilation Rate : 3Vol/h - Open Shutters)

%
 H

ou
rs

Operative Temperature (°C)
 

 
 Without inertia
  5cm concrete
20cm concrete

20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
0

0.005

0.01

0.015

0.02

0.025

0.03
Givoni Diagram

Air temperature (°C)

Hu
m

id
ity

 ra
tio

 (k
g 

wa
te

r/ 
kg

 d
ry

 a
ir)

 

 

10 10
30

30

3050

50

50

70

70

70

90

90

90

90

Case 1
Case 2
Case 3

v=1m/sv=0.5m/sv=0m/s

Proceedings of BS2013: 
13th Conference of International Building Performance Simulation Association, Chambéry, France, August 26-28

- 2316 -



FRQFUHWH� ZLWK� DQ� LGHQWLFDO� UHJXODWLRQ��� ZKLOH�
LQFUHDVLQJ� WKHUPDO� PDVV� TXDQWLW\� LPSURYH� WKH�
FRPIRUW� GXULQJ� KHDW� ZDYHV�� :H� DOVR� QRWH� WKDW� WKH�
SRVW� KHDW�ZDYHV� SHULRG� LV� ORQJHU� WR� VWDELOL]H� ZLWKLQ�
WKH�FDVH�RI����FP�LQ�FRPSDULVRQ�WR�WKH���FP�FDVH��
�

�
)LJXUH�������������FP�7KHUPDO�PDVV�TXDQWLW\�UHVXOWV 

,Q�RUGHU�WR�PD[LPL]H�WKH�HIIHFW�RI�WKH�WKHUPDO�PDVV��
VRPH� SDUDPHWHUV� QHHG� WR� EH� UHJXODWHG� DV� QLJKW�
YHQWLODWLRQ�UDWH�DQG�VKXWWHUV����

Night ventilation rate 
7KH� QLJKW� YHQWLODWLRQ� UDWH� LPSDFW� RQ� WKH� LQVLGH�
DPELDQFH�RI�D�EXLOGLQJ�GHSHQGV�RQ�LWV�LQHUWLD���
6HPL�FRQWLQHQWDO�ZHDWKHU�VROLFLWDWLRQ�
)LJXUH� ��� VKRZV�� RQ� WKH� UHIHUHQFH� PRGHO� ���FP� RI�
H[WHULRU�LQVXODWLRQ����FP�RI�FRQFUHWH��RSHQ�VKXWWHUV���
WKDW� WKH� QLJKW� YHQWLODWLRQ� UDWH� DOORZV� D� FRQVHTXHQW�
GHFUHDVH�RI�WKH�RSHUDWLYH�WHPSHUDWXUH��ZKHQ� WKH�UDWH�
LV��YRO�K�� WKH�WHPSHUDWXUH�LV�DERYH����&�����RI� WKH�
WLPH�� ZLWK� D� YHQWLODWLRQ� UDWH� RI� ��YRO�K�� WKH�
WHPSHUDWXUH� LV� DERYH� ���&� ���� RI� WLPH�� $�
YHQWLODWLRQ� UDWH� DERYH� �YRO�K� GRHV� QRW� DSSHDU�
UHDOLVWLF�� ,W� DOVR� DSSHDUV� WKDW� WKH� JDS� LV� LPSRUWDQW�
EHWZHHQ� �� DQG� �YRO�K�� %HWZHHQ� ��� �� DQG� ��YRO�K��
JDSV� DUH� VPDOOHU�� ,W� FDQ� EH� FRQFOXGH� WKHQ� WKDW� QLJKW�
YHQWLODWLRQ�KHOSV�WR�SUHVHUYH�WKH�EXLOGLQJ�FRPIRUW�DQG�
UHIUHVK� WKH� WKHUPDO�PDVV�� DQG� WKDW� D� YHQWLODWLRQ� UDWH�
RI��YRO�K�ZRXOG�EH�HIILFLHQW����

)LJXUH�����9HQWLODWLRQ�)ORZ�UDWH�LPSDFW�±�6HPL�
FRQWLQHQWDO�ZHDWKHU 

,Q�FDVH�RI�D��YRO�K�YHQWLODWLRQ�UDWH�� WKH�EXLOGLQJ�ZLOO�
QRW�EH�FRPIRUWDEOH������RI�WKH�WLPH��7KH�GLVFRPIRUW�

FUHDWHG� E\� WHPSHUDWXUH� EHWZHHQ� ���&� DQG� ���&�
FRXOG�EH�VROYHG�E\�D�GD\WLPH�FHLOLQJ�IDQ�DV�VKRZQ�LQ�
WKH� *LYRQL� GLDJUDP� EHORZ�� %HFDXVH� LW� LV� DQ� DFWLYH�
ZD\�WR�LPSURYH�WKH�FRPIRUW��DLU�FLUFXODWLRQ�ZRXOG�EH�
OHVV� HQHUJ\� HIILFLHQW�� EXW� DW� OHDVW� EHWWHU� WKDQ� DLU�
FRQGLWLRQLQJ�V\VWHP���

�
)LJXUH�����9HQWLODWLRQ�)ORZ�UDWH�LPSDFW�

�
+HDW�ZDYH�VROLFLWDWLRQ�
%HFDXVH� QLJKW� YHQWLODWLRQ� LV� D� JRRG� ZD\� WR� UHIUHVK�
WKHUPDO� PDVV�� LW� DSSHDUV� LQWHUHVWLQJ� WR� VWXG\� LWV�
LPSDFW� RQ� RSHUDWLYH� WHPSHUDWXUHV� GXULQJ� KHDW�ZDYH��
2Q� )LJXUH� ���� DQ� LQHUWLDO� EXLOGLQJ� ���FP� FRQFUHWH��
ZDV� VWXGLHG�ZLWK� GLIIHUHQW� YHQWLODWLRQ� UDWHV�� ZLWKRXW�
�FDVH� ���� �YRO�K� �FDVH� ���� �YRO�K� �FDVH� ���� 7KH�
EXLOGLQJ�ZLWKRXW�QLJKW�YHQWLODWLRQ�DOZD\V�UHFRUGV�WKH�
KLJKHVW�WHPSHUDWXUHV�DQG�UHDFKHV������&�LQVLGH�DW�WKH�
HQG�RI�KHDW�ZDYH��:KHQ� VWXGLHG� LQ� VHPL�FRQWLQHQWDO�
ZHDWKHU�� JDSV� EHWZHHQ� �YRO�K� DQG� �YRO�K�� DQG�
EHWZHHQ��YRO�K�DQG��YRO�K��VHHPHG�WR�EH�HTXLYDOHQW��
1HYHUWKHOHVV��ZKHQ�KHDW�ZDYH�RFFXUV��WKH�LPSDFW�RI�D�
�YRO�K�YHQWLODWLRQ�UDWH�LQFUHDVH��,Q�WKDW�FDVH��D��YRO�K�
YHQWLODWLRQ� UDWH� DOORZV� D� WHPSHUDWXUH� UHGXFWLRQ� RI�
PRUH�WKDQ���&���

�
)LJXUH�����9HQWLODWLRQ�)ORZ�UDWH�LPSDFW 
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INCAS - Heat Wave Weather : variation of inertia
(Night Ventilation Rate : 3Vol/h - Open Shutters)
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Givoni Diagram - Night Ventilation Rate (NV Rate)
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INCAS - Heat Wave Weather : Night Ventilation Rate (NV Rate)
(20cm concrete, 20cm outside insulation, Open Shutters)
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7R�FRQFOXGH��D�JRRG�YHQWLODWLRQ�UDWH�UHJXODWLRQ�VHHPV�
UHDOO\�LPSRUWDQW�LQ�RUGHU�WR�UHIUHVK�WKHUPDO�PDVV�DQG�
WKHUHIRUH� LQVLGH� DPELDQFH�� GXULQJ� KHDW� ZDYH� SHULRG�
EXW�DOVR�IRU�W\SLFDO�VXPPHU�WHPSHUDWXUH��

Shutters 
$V� H[SODLQHG� LQ� WKH� PRGHO� GHVFULSWLRQ� SDUW�� WKH�
VKXWWHUV�RQ� WKH�HDVW�DQG�ZHVW� IDFDGHV�DUH�FORVHG�DQ\�
WLPH� LQ� RUGHU� WR� OLPLW� WKH� RYHUKHDWLQJ� RI� WKH� KRXVH�
DQG�REWDLQ�ZRUNDEOH�UHVXOWV��
7KH�IROORZLQJ�UHVXOWV�VKRZ�WKH�GLIIHUHQFH�RI�EXLOGLQJ�
EHKDYLRXU�ZLWK�DQG�ZLWKRXW�VKXWWHUV�RQ�WKH�QRUWK�DQG�
VRXWK�IDFDGHV���
6HPL�FRQWLQHQWDO�ZHDWKHU�VROLFLWDWLRQ�
,Q�WKH�FDVH�RI�DQ�LQVXODWHG�KHDY\�FRQVWUXFWLRQ����FP�
RI�FRQFUHWH����FP�RI�H[WHULRU�LQVXODWLRQ���YRO�K�QLJKW�
YHQWLODWLRQ��� FORVLQJ� WKH� VKXWWHUV� UHGXFH�VLJQLILFDQWO\�
WKH� RSHUDWLYH� WHPSHUDWXUH� LQVLGH� WKH� EXLOGLQJ�� WKH�
WHPSHUDWXUH�LV�DERYH����&�����RI�WKH�WLPH�ZKHQ�WKH�
VKXWWHUV�QRUWK�DQG�VRXWK�DUH�RSHQHG��ZKHQ�FORVHG��WKH�
WHPSHUDWXUH�LV�DERYH����&�RQO\�����RI�WKH�WLPH��
%HFDXVH�LW�LV�QRW�UHDOLVWLF�WR�FRQVLGHU�DOO�WKH�EXLOGLQJV�
VKXWWHUV�GRZQ�GXULQJ�GD\�DQG�QLJKW�ZKHQ�SHRSOH�DUH�
OLYLQJ�LQVLGH��ZH�PDGH�WHVWV�ZLWK�VHYHUDO�SHUFHQWDJHV�
RI� VKXWWHUV� RSHQLQJV�� ��� �FORVHG��� ���� DQG� �����
�RSHQHG��� +DOI� FORVLQJ� WKH� VKXWWHUV� DOVR� HQDEOHV� D�
VLJQLILFDQW� UHGXFWLRQ� RI� RYHUKHDWLQJ�� GXULQJ� ���� RI�
WKH� WLPH�� WKH� WHPSHUDWXUH� LV� DERYH� �����&� ZKHQ�
RSHQHG��DERYH������&�ZKHQ�����RSHQHG��DQG������&�
ZKHQ�FORVHG���

�
)LJXUH�����6KXWWHU�UHJXODWLRQ�LPSDFW 

�

Night ventilation and shutters combination 
7KH�FRPELQDWLRQ�RI�QLJKW�YHQWLODWLRQ�UDWH�DQG�VKXWWHUV�
RSHQLQJ� JLYHV� XV� UXOHV� RQ� KRZ� WR� OLPLW� WKH� VXPPHU�
GLVFRPIRUW� FRQVLGHULQJ� WKH� H[LVWLQJ� WKHUPDO�PDVV�RI�
WKH� EXLOGLQJ�� 1LJKW� YHQWLODWLRQ� LV� PRUH� HIILFLHQW� LQ�
RUGHU�WR�OLPLW�RYHUKHDWLQJV�WKDQ�VKXWWHUV�FORVLQJ��WKDW�
DOUHDG\�KDYH�D� VLJQLILFDQW� LPSDFW���7KH�FRPELQDWLRQ�
RI� WKHVH� WZR� IDFWRUV� KHOSV� WR� NHHS� WKH� EXLOGLQJ�
WHPSHUDWXUH�XQGHU����&�DQ\� WLPH�� WKLV�ZRXOG�QRW�EH�
SRVVLEOH�ZKHQ� VKXWWHUV�DUH�GRZQ��DQG�ZRXOG�EH� WUXH�
���� RI� WKH� WLPH� ZKHQ� QLJKW� YHQWLODWLRQ� LV� RQ�
���YRO�K����

�
)LJXUH�����6KXWWHUV�FORVLQJ�DQG�QLJKW�YHQWLODWLRQ 

7R� FRQFOXGH�� FRPELQLQJ� QLJKW� YHQWLODWLRQ� DQG�
VKXWWHUV� FORVLQJ� LQ� DQ� LQHUWLDO� EXLOGLQJ� LV� LQWHUHVWLQJ�
LQ� RUGHU� WR� LQFUHDVH� WKH� VXPPHU� FRPIRUW� GXULQJ�
W\SLFDO� VXPPHU� ZHDWKHU�� ,Q� WKLV� FRQILJXUDWLRQ�� ZLWK�
FRRO� QLJKWV�� QLJKW� YHQWLODWLRQ� LV� PRUH� HIILFLHQW� WKDW�
VKXWWHU�UHJXODWLRQ��

&21&/86,21�
7KH� DLP� RI� WKLV� VWXG\� ZDV� WR� EHWWHU� KLJKOLJKW� WKH�
LPSDFW� RI� LQHUWLD� LQ� EXLOGLQJV�� 7KH� VWXG\� EDVHG� RQ�
SDUDPHWHUV� DQDO\VLV� KHOSHG� XV� WR� EHWWHU� XQGHUVWDQG�
WKH�LPSDFW�RI�WKHVH�SDUDPHWHUV�RQ�WKH�VXPPHU�LQVLGH�
DPELDQFH� RI� WKH� EXLOGLQJ�� VHSDUDWHO\� RU� FRPELQHG��
8QGHU� WKH� VHPL�FRQWLQHQWDO� VXPPHU�FOLPDWH� WKDW� KDV�
EHHQ�GHILQHG�LQ�WKLV�VWXG\��KDYLQJ��FP�RI�FRQFUHWH�LQ�
WKH� VODEV� DQG� ZDOOV� LV� HIILFLHQW� HQRXJK� WR� DOORZ� D�
GHFUHDVH� RI� WKH� LQWHUQDO� WHPSHUDWXUHV� LQ� WKH� KRXVH��
+DYLQJ� D� YHQWLODWLRQ� IORZ� UDWH� RI� �YRO�K� LV� HIILFLHQW�
DQG� FUHDWH� D� UHGXFWLRQ� RI� DERXW� ��&� RI� WKH� LQVLGH�
RSHUDWLYH� WHPSHUDWXUH�� 6KXWWHU� UHJXODWLRQ� KDV� DOVR�
EHHQ� TXDQWLILHG�� +DOI�FORVLQJ� VKXWWHUV� KDV� DQ�
LQWHUHVWLQJ�LPSDFW�RQ�WKH�LQVLGH�DPELDQFH�RI�KRXVLQJ�
DQG� FORVLQJ� WKHP� SHUPLW� WR� DYRLG� VXPPHU�
RYHUKHDWLQJ��
,Q�WKH�IXWXUH��WKH�LPSDFW�RI�QHZ�SDUDPHWHUV�FRXOG�EH�
WDNHQ� LQWR� DFFRXQW� DV� WKHUPDO� PDVV� SRVLWLRQ��
LQVXODWLRQ�OHYHO��ZLQGRZV�UDWLR�DQG�SHUIRUPDQFH��DQG�
LQVLGH�FRDWLQJV�LPSDFW��)RU�WKLV�ODVW�SDUDPHWHU��VRPH�
H[SHULPHQWDO� YDOLGDWLRQV� ZLOO� EH� QHHGHG� WR� YDOLGDWH�
WKH�QXPHULFDO�PRGHOV��,W�ZRXOG�DOVR�EH�LQWHUHVWLQJ�WR�
DGG� WHUWLDU\� EXLOGLQJV� ZKLFK� DUH� YHU\� VHQVLEOH� WR�
RYHUKHDWLQJ�SUREOHPV�GXH�WR�WKHLU�ODUJH�LQWHUQDO�JDLQV�
GXULQJ� GD\� WLPH�� ([WHQG� WR� QHZ� KRW� FOLPDWHV� ZLOO�
EULQJ�QHZ�LQWHUHVWLQJ�FRQFOXVLRQV�DV�ZHOO��

$&.12:/('*(0(17�
7KLV�ZRUN� LV� FDUULHG�RXW� LQ� WKH� VFRSH�RI� D�5HVHDUFK�
3URJUDP� GRQH� LQ� &ROODERUDWLRQ� EHWZHHQ� WKH� )UHQFK�
FHPHQWHU\� &RPSDQ\� 9,&$7� DQG� &($� DW� ,1(6�
�)UHQFK�$OWHUQDWLYH�(QHUJ\�DQG�$WRPLF�&RPPLVVLRQ�
±�)UHQFK�1DWLRQDO�6RODU�(QHUJ\�,QVWLWXWH���

5()(5(1&(6�
%DODUDV�&�$��������7KH�UROH�RI� WKHUPDO�PDVV�RQ� WKH�

FRROLQJ� ORDG� RI� EXLOGLQJV�� $Q� RYHUYLHZ� RI�
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FRPSXWDWLRQDO� PHWKRGV�� (QHUJ\� DQG� %XLOGLQJV��
9RO������SS��������

%ORQGHDX� 3�� 6SHUDQGLR� 0�� $OODUG� )�� ������ 1LJKW�
YHQWLODWLRQ�IRU�EXLOGLQJ�FRROLQJ�LQ�VXPPHU��6RODU�
HQHUJ\��9RO������SS�����������

%URZQ� 0�� ������ 2SWLPL]DWLRQ� RI� WKHUPDO� PDVV� LQ�
FRPPHUFLDO� EXLOGLQJ� DSSOLFDWLRQV�� -RXUQDO� RI�
6RODU� (QHUJ\� (QJLQHHULQJ�� 7UDQVDFWLRQV� RI� WKH�
$60(��9RO�������SS�����±�����

'HSHFNHU� 3�� %UDX� -�� 5RXVVHDX� 6�� ������ 3HUWLQHQFH�
GHV� PRGqOHV� VLPSOLILpV� SRXU� OD� GHVFULSWLRQ� GX�
FRPSRUWHPHQW� GHV� EkWLPHQWV� HQ� UpJLPH�
WKHUPLTXH� YDULDEOH�� $QQ�� ,QVW�� 7HFK�� %kWLPHQW�
7UDYDX[�3XEOLFV������SS�����±�����

'RX]DQH� 2�� ������ &RQWULEXWLRQ� j� OD� SUpYLVLRQ� GX�
FRPSRUWHPHQW� WKHUPLTXH� G\QDPLTXH� G¶XQ�
EkWLPHQW� PRQR]RQH� j� O¶DLGH� GH� FULWqUHV�
DSSURFKpV�� DSSOLFDWLRQV� DX[� PpWKRGHV� GH�
GLPHQVLRQQHPHQW��7KqVH�GH�GRFWRUDW��8QLYHUVLWp�
GH�3LFDUGLH�-XOHV�9HUQH��

)ORXUHQW]RX� )��9DQ�'HU�0DDV� -�� 5RXOHW� &�$�� ������
([SHULPHQWV� LQ� QDWXUDO� YHQWLODWLRQ� IRU� SDVVLYH�
FRROLQJ�� &RQIpUHQFH� ��WK� $,9&�� 2SWLPXP�
YHQWLODWLRQ�DQG�DLU�IORZV�LQ�EXLOGLQJV��9RO�����SS��
���������

*HURV� 9�� 6DQWDPRXULV� 0�� *XDUUDFFLQR� *�� ������
$SSO\LQJ� QLJKW� YHQWLODWLRQ� WHFKQLTXHV� LQ� RIILFH�
EXLOGLQJV�� &RQIpUHQFH� ��WK� $,9&�� C9HQWLODWLRQ�
DQG�FRROLQJ
��9RO�����SS�����������

*LYRQL� %�� ������ (IIHFWLYHQHVV� RI� PDVV� DQG� QLJKW�
YHQWLODWLRQ� LQ� ORZHULQJ� WKH� LQGRRU� GD\WLPH�
WHPSHUDWXUHV��(QHUJ\�DQG�%XLOGLQJ��9RO������SS��
�������SS�����±�����

/HIHEYUH� *�� ������ &DUDFWpULVDWLRQ� GH� O¶LQHUWLH�
WKHUPLTXH� G¶XQ� EkWLPHQW� SDU� DQDO\VH� PRGDOH��
5HY��*pQ��7KHUPLTXH����±�����SS�����±�����

1HLUDF� )�3�� ������ $SSURFKH� WKpRULTXH� HW�
H[SpULPHQWDOH� GHV� PRGqOHV� UpGXLWV� GX�
FRPSRUWHPHQW� WKHUPLTXH� GHV� EkWLPHQWV�� 7KqVH�
GH�GRFWRUDW��(FROH�GHV�0LQHV�GH�3DULV��

3IDIIHURWW� -�� +HUNHO� 6�� :DSOHU� -�� ������ 7KHUPDO�
EXLOGLQJ� EHKDYLRXU� LQ� VXPPHU�� ORQJ�WHUP� GDWD�
HYDOXDWLRQ� XVLQJ� VLPSOLILHG� PRGHOV��
(QHUJ\�DQG�%XLOGLQJV��9RO������,VVXH����SS������
�����

6DQWDPRXULV� 0�� $VLPDNRSRXORV� '�� ������ 3DVVLYH�
FRROLQJ�RI�EXLOGLQJV��-DPHV�	�-DPHV��/RQGRQ��

6DQWDPRXULV� 0�� 0LKDODNDNRX� *�� $UJLULRX� $��
$VLPDNRSRXORV� '�� ������ 2Q� WKH� HIILFLHQF\� RI�
QLJKW�YHQWLODWLRQ�WHFKQLTXHV�IRU�WKHUPRVWDWLFDOO\�
FRQWUROOHG�EXLOGLQJV�� 6RODU�(QHUJ\��9RO�� ���� SS��
���������

6LFDUW� -�� ������ $QDO\VH� PRGDOH� DSSOLTXpH� j� OD�
WKHUPLTXH��IRQGHPHQWV�DQDO\WLTXHV�HW�DSSOLFDWLRQ�

DX� EkWLPHQW�� 7KqVH� GH� GRFWHXU�LQJpQLHXU��
8QLYHUVLWp�GH�3DULV�9,��

6SLW]� &��0RUD� /��:XUW]� (�� -$<�$�� ������ 3UDFWLFDO�
DSSOLFDWLRQ� RI� XQFHUWDLQW\� DQDO\VLV� DQG�
VHQVLWLYLW\� DQDO\VLV� RQ� DQ� H[SHULPHQWDO� KRXVH��
(QHUJ\� DQG� %XLOGLQJV�� 9ROXPH� ���� 3DJHV� ���±
�����

7VLOLQJLULGLV� *�� 6RWLURSRXORV� 9�� ������ 7KUHH�\HDU�
PHDVXUHPHQWV� RI� DPELHQW� DQG� LQGRRU� DLU�
WHPSHUDWXUHV�LQ�6RODU�9LOODJH����$WKHQV��*UHHFH��
(QHUJ\�DQG�%XLOGLQJV��9RO������SS�����������

=KRX� -�� =KDQJ� *�� /LQ� <�� /L� <�� ������ &RXSOLQJ� RI�
WKHUPDO� PDVV� DQG� QDWXUDO� YHQWLODWLRQ� LQ�
EXLOGLQJV�� (QHUJ\� DQG� %XLOGLQJV�� 9RO�� ���� SS��
���±�����

=KRX� -�� =KDQJ� *�� /LQ� <�� :DQJ� +�� ������ $� QHZ�
YLUWXDO� VSKHUH�PHWKRG� IRU� HVWLPDWLQJ� WKH� UROH�RI�
WKHUPDO� PDVV� LQ� QDWXUDO� YHQWLODWHG� EXLOGLQJV��
(QHUJ\�DQG�%XLOGLQJV��9RO������SS����±���

�
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